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(54) MANUFACTURE OF NITRIDE SEMICONDUCTOR ELEMENT 
(57)Abstract 

PROBLEM TO BE SOLVED: To especially provide a 
method for manufacturing a nitride semiconductor 
element which enables separation of a nitride 
semiconductor element formed on a substrate with high 
yield, related to a method for manufacturing a light- 
emitting diode or a laser diode capable of emitting 
ultraviolet to orange lights and furthermore a group III-V 
semiconductor element that can be driven at high 
temperatures. 

SOLUTION: A method for manufacturing a nitride 
semiconductor element 110. in which a semiconductor 
wafer 100 having a nitride semiconductor 102 formed on 
a substrate 101 is divided into nitride semiconductor 
elements 110, and in particular includes a step of 
radiating a laser beam through a semiconductor wafer 
100 from the side of a first main surface (111) of the 
semiconductor wafer 100 and/or the side of a second 
main surface (121) of the semiconductor wafer 100, thus 
forming a scribe line 103 at a focal point formed at least 

on the side of the second main surface 121 of the substrate 101 and/or the side of the first 
main surface (1 1 1) of the substrate 101, and a step of separating the semiconductor wafer 
along the scribe line. 
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(54) [smom] ^it/iimt»ffm)m:»m 

(57) ISil^Jl 

[«St#g!;] S« (101) itrS^k^jiilt^ft: (102) ^sjgfiH * 
i^fc¥^«£^'^^^-(100) Srgjt«)¥^(*:^^(llO) ici^ 

fj-r 5^{kiK)¥^^«:^T-(iio) (K>mr&:^mx'h y) . 

i|£JS(|:^a:/N-(ioo) li» 1 SU:^ 2 OiffiSrW LB 1 
Oiffi (1 1 1) ffllStZ/^ttt® 2 <D^ii (121) e l^-if 
-4riN'«ft:!>3i/N-(100) Srifr LTflSW UJ^'i < i: tS 
tR(101)(D»2<O±S(121)aJS.t//XI*SIR(101)ro» 

V (103) •& XS fc, :^^7^y-7-f :^JcfSo 
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gfli2¥^^«^^>^^^- (100) itm 1 RX^f$ 2 L 
mm 1 ro±®(lll)fiiJ2i.U!/Xtt^2(OiE{121)ffl!l!i^P> 
f-«ri!nB¥»«c!> ^J^/^- (100) iif LXmStt L'P' 
fi<t tflflieS«(101)(D|? 2 ro±S(121)WSo:/X(4 

mm&mm)(om i <o±ffi(iii)«(cj^fife$itfc^;S»c 

• 7-^ >'(103)SrJ^fiK-f-5XSt. 
[BS*«2l flaiBSl w±ffi(lll)l4S«(101)±ro-:& 

(100) (om'cm^M^^mmi-h'o . % 2 ©±^(121) n. 
^m<^^^^^-{m) ^itx.xm 1 (oisdii) tnm- 

j^^HfcDaep (103) -Cfc SgS*^ Hc|B« $<^fc»b<fe 
$ixfciDX^®^ (206) 1 i;iE«^tifcS 

(100)<om 1 »iS(lll)mT//Xtt|| 2 0±ffi(121) 
• 7 t ■& Wroflf a (104) SrJ^^-r S XiSSr* 

2) dSJgfig $ Hfcif^^d: (100) «rilfk«il¥ai«^* 

» 1 iStl/ma W±ESrWtS¥^f*!^3:^>-(100)©a 
(102) AJj^fiK $ ixfc^ 1 OiB (1 11) W;!!' e> ^ 
-• f-Sr^lt L-C^ 2 (D^ffi (121)Wc;^ ^ 7'f • 7 
'f V(103)SrJ^fig-r«)XSi:, 
aniEm 1 oi® (iii)«!ld»p>tiie;^ ^' 7'!' :/ • 7'f v(io 

3) i:B&WCfe!)«IS(101)«ffitJ:i*t-S«rSl$(104)«:Jg 
»^£i-5XSt. 

B(IIE^^'71'7'- 7l'^(103)lC:?S-3Tifi*^?':t/N- 
(100) Sr3^«lf XSi *r#-r S C t Sr4*« t -f-S S^b 

\^im.l\ g{llS«Jg5(204)li^ 1 O±ffi(211)fl5co^«) 

[iS*3B8) S«(30i)±<o-5^ij:<D;'*.S^b!^ii5'»«c(30 



2) *5)^fi!J $ tvfc (300) Sr ^{bt)if^^«^^ 

^(310) t:i^^8!lf ■5^<b#)^^ft^^^ro®!it*te-C&o 

m 1 SU^m 2 roiSSr^-f 52i^^^*^^'^^^-(300)©g 
{b«!l^^«^(302)A5j^fi£SHfc^ 1 (D±E(311) t*f(fi)t 
5® 2 cD±B(321)(«l3l» f> l^— t/=-S:^M (301) 

Off 1 <D±B(3ii)aiIlc;^^ 7'f :/ • 7'f >'(308)SrJgfig 

1-5XSi, 

WIB^ 2 (0±B (321) ffij*^ b ^{k%i|^^«t (302) IC^ L/i 
V ^«gS (309) iSrglllE;^ i7^^-:f (308) t KWJC 

J^fiR-f-SXmt, 

MIB;;^^7-I'y • 7'f >'(308)l^»o-CflfrE¥^#:!>:i^ 
^N-(300) ^^^mi-^XSi: «r*-t5r t 
^^b!t«!i¥«{*^^<oiSjg;^fe 

[0 0 0 1] 

363t^i6/*^3t^^'f u— if- at— K JEJc 
ttflsaicisv N-r t iKtb^ffi* 3 - 5 ij5i|£««:3R^wiRig 

[0002] 

n^mm^'^'i/f (I nxGayA 1 ,_x-vN, OgX, 0 
^Y, X + YSl) Sr*iJffiUfc¥«ti:^^jJSMje$Ho 
ofc5, S^b«»i|t«ft:!Sr?iJfflLfc7^M;^«!9i:UT, W 

I 0 0 0 3 J S^, G a A s , G a P-^ I n G a A I A 

•«>— ttt:^5fe«ry-r-lr*'^ Kti" 5R«w|Hl|ia»lcJ; 

»)^7ai/>-5r7yi-* j' 3?,l4J]5fett]J;») tJlSi^ 

r1io5fli$:^t3ii^fc^ (/^-7;^7.xh) , :?^;^;^cJ:9* 
■> ht'SS^fif*)?.. ^^-f -y^vK;^^ 7 

(*:r>i/N-lcSj?)T«Bv^i6l (;^i'7'f:/- 7-0-) 

Xhi>, G a P-<?'G a A s ^©-arA/ffif&filjgOi^Stt, 
'^tBBttiiS n 1 oj *i6ilcfc5, ^<olt)b. iOttK 
Ir^iJffl Ur G aAs. GaAIAs, Ga P>iifc05|i^ 

[0004] L,A»U)S*se>. !S<bfei|^3l«ES:?iJffl Ufc* 
GaP, GaAlAs-^GaAs H^^^eS 
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^±.\m^^ittcG & A s P . GaP-^InGaAlA 

[0 0 0 5] ■y-7r'('r-^^tf;^v>'V'/i^lca(S^5H5^ 
7 r TS«I4A;^S^ t V^ p ifefefilii^r^r tT*5 "J . 

(0 0 0 61 tfc*5o-c. ^^'ri'*i^K;^^'7^^<--c 

ofc, 

1 0 0 0 7 1 Sjl2«!)¥«4*:Oii$fittSr«IBi-S r t >i < 
[00081 -Ir* 

7•rt(c^^lll1-sr^:*5^Tt,nTv^5, -^^^T-rto^^ 

tT!t^fM¥8 - 2 7 4 3 7 1 ^j'i ^«c|E4g$ix 
•CV>e. :ir»:«J-0>Jt UT. @5 (A) *»e.I115 (D) 

(501) ksz.m'cm^^^m (502) jg^g $ nfc^^^^: ^ ^ 

/N-(500)-SrEI5 (A) I^^LTV^^., f-^r'fTSS 

(JF*@) JCj;5«8l5(5O9)Sr»^1-5lSSr05 
(B) l;:^LTt''5. «a5(509)l;i;^^'7-Yy • y-f:^ 
(507)SrJgfiK-f-SXm«:lil5 (C) ic^UTfeS, 7.i> 
9 :/IS(0«ii^»fl: l> (500) S:^ y T-iROJ^^ 
«c|83fc^?-(510)(c^>il-rs^>«tXS*@5 (D) (c.T^ 

(0 0 0 91 

(3SM*5»^LJ:5t-r?>SliSJ b*>t/i;i5e>, 



2), 

(00 101 m*-, ¥^^t|:!:'3:/N-<oii5ffi»c;^^7'r:/ 

1' /^-w* -y 9 -j^%fii nm'm. ^iti)^^ <f£r)Mx 

5, ^'^^^^>}f:^^y^y<-V^iry^-:f 
y-f'i-^yh':^i'y-fy<-\cX'!}:^^y4y- y^fyi: 

[0 0 11 1 J; !)/h$i/^g^b«J¥^«:^^S:E«t»::ftS 

(0 0 121 #1-, mm^m{^<om&m^m-fi>:i 

(0 0 131 Ufc^SoT. :$:^?^»i^{b'^i|ijS^'?^/N 

J^fi8i-5lljjg*«feS:«tt1-5 r i Sr B 1 1- 5 tor*) 
[0 0 141 

(^us^&^»^fe•^-5fc^^)o#al stR(ioi)± 

ica<b<K)i|^^«j (102) am^ $ (100) 

S:^ibfeii^«{*:^^ (110) lc:5>ii]1-5^{b!t*iii^««:ig^ 
(110)(D§3jt;^)*T-fc5, fl#tc> i|^jg#!>^^-^-(100)tt 

m 1 Rx^^ 2 o^BSr^ 1 (D±m(ni)mRxf/x 

0)Sr^LXflBltU'>*< t fcSiE(101)©m2fl>IEE(12 
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i)mRx^/x\t&mm)nfB 1 oiffi(iii)ffi!jicj^fiK$ 

loo 1 5J *:^BjOig*«2IC|Bi6$Hf=^jl:ife*'» 

(101) ±(o-Mc<o^mt<^^mw (102) 

^(^|>3:/A-(100)W^{kifei|t^^^C«imiI-Cfc!J, ^2 
<Di® (121) d5it^^«:'>:ii/N- (100) «r:fr LXm 1 <??±B 
(111) i*flRl-r^>S«KtbiE«-C$)5. 
(0 0 161 *l8WO^*«3JC|H«$tl.fci[<li'»¥« 

BUElcj^^ $nfciaia5 (103) -CfoS, 

iRl^U\mf$. ^ Mtmn^Wm (206) Tfe 5, 
loo 1 81 *:|8l^(DK*«5liiE«$ixfcafbife|i|^« 

^^|:^>3ly^-(100)<DS^ 1 (Oiffi(lll)«RO:/X»S2 

<DiS(121)fi(llcy-C-^*vK;:^^9-l'/-^-. 

-:>X7.i;y^-f • 7'r:/^:ll&¥^Tro8^S5(l04)S^Jg^i- 

[0 0 191 imm<Di^im.^\t.'^^<Dmm^%^% 

^olSjt^ffiii, £ffi(ioi)±o-^ic(D;?^i[<bi^¥'« 

(*:(102) jxfci|£«flC!?3:y>-(100) «:a<fc<R|i|i^ 

ft:^^ (110) lc^^S')-t-2,^(b'feii^'Sflfl!I^Ot?ig:^ffi-C 

fi^)<omm^%m\fi2)li^^^^i\'id^ 1 (OiE(lll) 
ffiOdit, U'-if-4rRa5tbTf^ 2 ©±tS(121) w-;^ ^ 7 
• 7'f >'(103)$rJi^^-f5I@i. mi<OiE(lll) 
7W:^(i03)tB&¥tT-c&!?S«(io 
l)«ffii;:a-r5«S8(104)SrJg^5XSi:, 7.9 y'i 
y • ^-T y(103)lJ:?&oT4^«ft:>>3:/>~(100)«r4^«-f 

1 0 0 2 0 1 7 lcE«©^ib!fel¥^tt:^ 

^©«it*ffitC*5V^rtt. «a5(204)-JS^ 1 ro^ffi(2ii) 

[00 2 11 8 lCie«CO^{k<fe¥iH*^ 

^ (302) *5Ji^« $ ixfcif^^fl^ f (300) SrS<t«)il£^ 

ft:^^(3io) \z.^m-r^m\:m^M^m-<nw&-)imx 
oo)<Dmim^mmzoz)im^^ixtcf^ i ro^soii) 

t «l6)-t-5i^ 2 (75iffi(321)ffl!l*^e> W—1f-«rfiMt LT 

S:tg(301)<O||l (Oiffi(311)fli](C;^i'7-l'7'- 7'ri^(3 

08) i:mi^i-i>i:m.t. m 2 «^ffi(32i) w*-e>^'(t;te¥' 

mt¥ (302) tea L V ^JtgC (309) i:7.i'y^-:r • y^^'O 



8) lu»oTi|^^«i:??3:yN-(300) i^mtiXUt 
1-5 

{llffe^l^^fltSR^ ®^lc*JV >-C¥^(*: 5'3i/>- 

iKl^^H^^T-^rSajg-r 6 w t A5T-t 2. r t Sr^v^fc* 

[ 0 0 2 2 1 BP *?gMO*rj£|ci D mim^m^^ 
=f-0%miJ^ V'tf£i>7i^y^-:f ' yy(>^mm^M 

#5, lRl-ffi{ll*^P>g{b<^i|^^(*J^-^^tcSJ^e?r 
[0 0 2 3] ^'^ftft^^^^-i: br. LD (laser diod 

e) tfj:^m^(D^im^mi^mi:7if:^^\^m&±icm 

y^r— Ji, nSGa NWnV^^' h®, nSAlGa 
NW^-T y h'M. n^G a N<Dtft:»'< K®, S i S: K- 
7'L I n«m«r^fb$*fc#fifi:^^#Ffi?ig<!:/i5 I 
nGaNOettg. pSiA 1 G a N<©*-V pS 

GaNWJfcjt^-f K^^ p^A I G a Nf^^^-;/ KJiRt; 

pSGaNCi3>^^ ^S*5Si®^i^•c^^5. rco^l^^ 

U-C^^b#)i|iJS<*:® 1 7. f ;^;/wS«O#ffiJcj0XSER® 

•Sr;^^'5'f y • y'Ot LTJ^^S^?*fco ^.i^y-^:/- 
y^ >'il^&¥^Tlc^-^ i 9 f ;^;/PSK±lcfl}«r 

^{b«!m^««f5R^Sr}Kl*S-Brfc. ^JlSlgFixfcaibfeiii^ 

[00 24J (^{b#l¥^«ft^!>3iyN-l 0 0, 2 0 0, 
3 0 0, 4 0 0) mt<^^^W'>^''^-10 0. 2 0 

0, 300. 400.!: urra, Sffi i o i iicg^b'feiji 

mt^i 0 2A''m^:^Mci>(DXhi. mimw^mt^i o 

.2©Sfil 0 1 t LTJl, ^^7 7-<T, ;^f;^i7K ^<b 
Wbix5!S51:att<t < igfBttoa^^mbt»¥'iS^^^®^S^ 

[00251 mtlSa^mm (1 n^G a yA 1 ,_x-yN, 

O^X, O^Y, X + Y^l) ttMOCVDiSfe-^HVP 

m^PUm-^. P I N^-g-, Ml Sg^^S:)l^^$-&«r 
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( 0 0 2 6 J g^b'fe^JiflJtt^^^' K^-V 7'A51tg5W;'c 

10 0 2 71 S«WJ¥$ t vxti\^—f-mT.m<ouax 
[0 0 2 8] mm^mmmM^n^^yr^rmi 

0 0 jtmgiTiSW* tv\ 1 0 0 MinBlTfc'tf's'f V 
< JiSfcfe 3 0 *t m£A±j)S»* Sjk'fe^^ 

[ 0 0 2 9 ] 38*^^^;r- Kffi(OS{b4&ii^^«:!?3i/s- 
ir-fS^. S«-Cji^3 0 0<imd»e)5 0 0MmW)? 

[0 0 3 0] f£is. u—f-tm^iti±mtm^^m» 

<0«-g-X?fo5JUDI^K^2 0 6, 3 0 8»;i?t5i:#x.?> 



i|^5>*»e>^coB 1 coiE^VMlM 2 <o±Elc:|P)Ct-C<offi 
(003 11 (u— f-APX«6) :*:5l?qi;ifflv>biv5u 
(0 0 3 21 u-lf-*0X«Ei;:J:oTfi8«5n.5^— r 

-14 u-vx/i if ro^t^^jc <fc •) gf MIC i "J a* ic^^^fikifc 

(00331 i^—f-mxmi^Xi:^^ :^ • 7-^' V 
(DJ^fiEJc (4 u-1f-R8M^e g «^ Sr^lb $ -yrX t ft V vL. 

;^r-i^Sr±T. fc*. 9 O^lHHE'S^a^igftS-ara 

r i: ic J: 19 B>rS(0;^ tJ' 7 7* • 7 V SrJgfiK-f-^> r 1 1 
X^i>. *:|SW<Oj|Jfi«9|ICoV^-CSfaii-5iJ5||tS 

(0 0 3 41 

m^m] mmmi) m^2oo ^mxhr)m^^iv 

fc-f 7 T -Trusts t L-TMOCVDifeiSrflJfflfCm 

ztt)^-^mf£Xb$'mmtvx^m^ttco si 

0'Clc*5l^rMi|E|-;tf;^i: LTNHa (ry^-T) if 
J^. TMG (H>yf-/l';!!fy H7.RX}^^\>7-)i 

(0 0 3 51 jjjic:, TMG;<^:^co^fEA^SrJl:^^)fc^> RlS 
S^ewfiSS- 1 0 5 O'ClC^lfSVNHg (TV*^ 
7) TMG;«f;^, K-^<v h;if;^t LTS i 

(^^7:^) y r;«^;^t L.T7K^;(f;^&«fE-t-r 

(0 0 3 6J fttt^li. -m. dr-r yT:y;^©;?>.i:$-fr 
Sf£;$?E<0}affi?£r 8 0 O'ClcfffiF U^. i UT 

NH3 (Ti'^-T) TMGJtf;^. TMl ( HJ 

SE-r:^tlCj:!Jff$i!^)3 nG a 

(0 0 3 71 ffi<4®±lC^'7S' KSS-je^$*2>fciOIS 
i|sf:iVy^oSEASrf?JhLRj£:ieM<0«aSiSr 10 5 OtJlcfS 
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TMA ( h y p«^/i-r/v-^ ^^^A) if:^. TUG:^:^. 
K-/'5vh;«f>^^ LTCpgMg (i^^^ P-O'i?^ v^:J^/^ 
JfiUpM^^-;/ K^t UTlf S«?)0. lMm<??GaAl 

[0 0 3 81 Ri^^i^aco^aasr 1 0 5 ox:\zm 
jtLJ!g3|s|-:*f;^t LTNH3 {r>'^::^T) if:^. TMG 

^)^0. 5/imcOGaN«5:S^^-^yt (HI 1 
(A) ) o (Ji*?. pM^^k«5^*Slt4 0 0t£il± 

r 9 LT3^^$n;rc¥^<*'?^/^- 1 0 0 ^m^^Mz 

mim^m^ 1 0 2 5 J: p l-±T • ;fe*05pB 

5 6 nm) S^1^>' T-T TS« 1 0 1± 

-<D3t^^«:iBSELfc, i@«Lfcl^-if-Srl 6 J/c 

m^-cMM ^ e> ;^ X- *^S!) ^ 6 r ^ ic J: 

:/-7>r:^l0 3S:»£1Slc»^^1-5o ?gfi)c^?iXi't:^^7 
yC:f'y^yi0 3\t. mim^mf^^:^^^-! 0 0 CO 

1 0t^J:^f^3 5 0 Mra^|(D:^t $lCJ|^^£^?ii:Tfo5 
(Ell (B> ) o 

[0 0 3 91 »Cl-. l/--if-ADX«0 U—f-mMU(D 

stg 1 0 1 ffl[i(7?i£® t (orm^bK 100 n mxmm- 

JcS-^fc (Ell (C) ) , 
[0040] :^i^y^'f * y-(>l 0 3(cf&oT, 

ioi:m^i-i>:Ltt^x^i> mi (d) ) , 

[0 0 4 11 ^ffi^Jl"CHu— 

^^(^1 0 2tm^^tifz^mf^^^^^-i 0 ocDSffi 

«-Cli/^<^{l:#F¥^frl 0 2X0^f'7T'<T£Sl 0 
li:l&i&Lfc^mt^^=^^^-l 0 0(OSffiffl!lfc^i6i^:7 
r^rstgi 0 iigE-e*7fe$nycu— tf-ici*);^!?^ 
y^y ' y^i^lO 3;65?g^$tv^o 
[004 2] ii£^i*:»>:iiyN- 1 0 0 Omm^MV^ 1 0 



Tfi if(Dmm 1 0 1 icj^-r ^m^ip i o 4 r t 

T^{bi^¥^«^^^l 1 0Sri^t|-rSCi:3!)5-et5, 
[0 0 4 3] /^is. ;^^7>f y^^l 0 30?g^Sr 

^1 lO*SS{3g-r5wtdS^IBt?i9. K3g^^®*9Sr 
rSffil 0 lffi!l(^^E"C?^^$^5fe*Jcu-lf-JcJ; 

iMx<'ft>mm^m»i 0 2±(;if+^^irt4< 
[0 04 41 (ii«g0»j2) mmmi tmmcLxm^^ 

^fci|fe^fjer>:n/N— Id, R I E (Reactive Ion Etchin 

g) \ci:^x^im^mw^mm'^^bmtm^^fi^'^ 
^^(DBjV^mtm^mwm 205 tm^^ittz^^i^^ 

Umi-^Xo'^^^^^M^^'^^^y'f'yi/'ik^^^'^X 
h^, pn^^mi^M\at. ®<12 2 0 2!i5;^/^y 
:/^j*tiiJ:f9?f^^^?ixTi^5 (112 (A) ) , 

[0 0 4 5] z<o^mi^^=^y^-2ooi:mMmi tm 

i^<Du—f-iwxm\^m'^mm^'±tzo ^mm2\ci6\^^ 

y^-(Dmm^mi^2 0 5mfi^bmkt\^. m^t^^yr 
^TWSL2 0 i(D&'^t^h2 0 iim(o^yr^rmWiP^ 

-i^Sr^^K^^-frS r t «c J: ») 1^7 r -< TSfficOllEEftjfi 
(^S^i^lfisi-JUDX^®^ 2 0 etfj:i>:^^y^:f' y^ 
>i:mf$.i-^ m2 (B) ) o 
[0 0 4 6] (^^0) ^gSlfU 

ffi2oi(D±® (g^bfe^^{4^<^?^fie®wj) {-^Jins 
xb\zmm\^fzo mm\.fzu-f-i:mki^'tfit^h:!^ 

m^irho W^^^Mzmn2 0 4 (1. J!jox^W^2 0 6 

^1^:77^rS«2 0 l^^LTB&5|ifx(C?i^fieSitTfe 

fi2 0 l±OStSB2 0 41:3:. Stl35(DIiESi:i^7r^TS 

iSi<oi&mt(owmti^. )^ioo/irar. lai^i^j-ic/irs 

iELs «l^*5i^7 7^rs«2o iicssiitibHfcfttais 
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7-<:/-7-Y:^2 0 7«rfl5^i-a (0 2 (c) ) o 
[0 0 4 71 m^x. mu i^^^y^-:/' 

U LED^yy2 10i:^m^^tz m2 (D) ) o 
[0 0 4 81 LXJ&^:^tltcLED'f-yy^\cmtii: 

I c y y ^ 4 C T V ^ CO I i I i ^ A/ if >i d > o fc o 

[0 0 4 91 ^lS^2^ll^««ci>3i/>-(^K-ffifi0^^6 

^y>(^'y^>\cr^^xmm\cmm^mi^m^i:^ 

ffit?*>5o «fic. :^^y^:f' y^>'tm^^tii>b 
[0 0 5 0] u—^—\cXoxmU.:^^y-{y'y^ 

:y^mim^mw^=^^^-^^MLxi¥mmxmxx^ 

it<D*xr\ ii^^ii^»>:ii/N-(^ffi7!i^6)*DXLfccDi:l^« 
[0 0 5 11 

^ y T'iOS t) * e> ^ -fr 5 r i: ;65 nlffi t ?i 5o 

[0 0 5 21 (mmms) mmm\ tmm\cvxm^^ 

1^^8 0Mm^t*WgLT^ffitt±^f$tlrv^^o ^(o 

i¥^m{^^=^^^-i:^it^^mi^s 0 2 2)5a[s$nTv^/^ 

i>f->^T-rTS«3 0 imi:Ji\^\^xmMi^i tmm<o 

(A) ) o 

[0 0 5 31 3gjSKfi?lj3lC*3V>T«U-lf-*0X«K (:^^ 



im^^WS 0 2^5s^^$^^-Cv^/^v^f-:77-f TSfi3 

s«c302fc1^:7r-< rmm, soi <o:^m\z.mifii x 

e> if-«:Rait*f s ;i t ic i 9 mm^mi^ 3 0 
2 xu^S{biKi^2ifr ^ s Lfcf - 7 T r sts 3 0 1 ifffi 
5a«jciDX^K®3 0 8"C*>S;^^7^:^- 7><i^SrlK 
mc^l<o:^^y4:f ^ y^i^t\.XM^'ti> (0 3 
(B) ) o 

[00541 Ix— tf-JOXttIO U-if-RBStSPO 

m^3 0, 0 00 r pm. «)BD$S3mm/s e erg 
?>S^b'KJ^^tt:S{cii L/.^v^mS^5 309 i:^fS.LfZo ^ 

0 8 mmc^^fhtmus o ^(o&mt'^yT^r 

mSMmtofmix^. 5 0//m-CIJlS^-Jc?i5J:5lc 

^^^^-t-^o ^^i/^^i/y-SrU-if-iflXfiJ 

yj^ rmm 301 icjg^ ^^nytjtsu 309 ojiEEfcas 
^*^j3 Mm(7)^2o;^^^^:/ • :/3 0 7S^?^^i- 
^ (03 (c) ) o 

[00551 m2<D7.^y^y * y>(:y3 0 7 lC?So 
!>:iiyN-^^»f^>Sfb^{l::'fe¥^(*:3g^3 1 O^?!^^^ 

^tfz (IE) 3 (D) ) o z^Lxjr^f&^titzmim^mt^ 
m'f'<o^mmm\cn'f-y^y^:^''±cx\^^^h<omit 

[0 0 5 61 mmm3\cm^<oumt. ^yr^rtaif 
W&30 immmf)^hmtm^mw3 o 2ic*L3iv>« 

Mzy^^y>(':f ' y^ xcfp^o (c;6^oiE#lcg{b 
^i|^^(^^^3 1 0?:5>^1-^w^:iSpjggt?t5c L^t 
d^oT. ±3a. S®tcioV^Tl>?g^^<^ia[ofcg<bfe¥^« 

/^:jb\ ^-Yf— t;iJ:^*oxo^lc, I/— tf-;ftpxicj:^ 
® 1X15^207.^7^:/ • yAi^m^mi'f&l^^^^ 
i:t>-C$>5o ^lSLU^m2(0;^i5^7-r:^- 

-9— J: SADXSr-r 5 r i: fc-C* 5. 
[oosrl ^^^^j^y-Yy - 7^>^co?g^$:u-if-x*^T 

^blcJ:^iOX!KKO/<5!X^. ?}ifeEaElfeOfc*lc«4-r 

{ay*='bfcttO)^PXT^^{*:!>^/N-(^ffi?5>^«b^XLyc<0 
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[0 0 5 8] (HiSW 4 ) SffiFfI 1 h nWiC Lr?g^^ 

-frfc^2Si^^>^/^^iC, R I E (Reactive Ion Etchin 

g) \zi.^xmm^%mi^m^hmm^^h.^'^ 

4 0 0<O•t^:7r^TSte4 OlSrlOOMm 
*-eBFBLT«[Ett±»f ^-frS (04 (A) ) o 
[00 591 M£^flc»>:ii/N- 400 «r^{t:%r¥^^<*:^^^ 
<ll^^tv■CV^/^v^f-y^r^TS«4 0 l$r±lcLT* 
lfi« 1 i: l^«<o i^-if --*DX« (^^la) l^@5EffiE^ 
-frfco ^j«0ll4lc:}sv^rfl^^-if-*DX«l<DU-1f-^: 

Jt^^f^^7:ii/N- (4 0 0) <Dmit^^m^4 0 5i)^J^f$. 

^?^^rv^/^v^1^>^r-rrstg4 0 iffiffl!i^^e)MMu> 
^f^^{L<fe*^«(*4 0 5i)mM^fifc^yT-(r&^^ 

»cJ:»:)f-:7r-^rSffi4 o i \cm^m4 tim(Df^i<D:^ 

(B) ) o 

[0 0 6 01 u^-f-it^^iWxmmtxu- 

s^R4 0 imf)^bmm^mw4 o 5ffi^caL>iv^«^^fI5 

4 0 9i:^l<o:^^^y^':^ ' y^>4 0 3{c?&oTJI^^ 

y^:^i:m^^^ (114 (C) ) o 
[0061] y^^y^-:^ ' y^>-lC«ioT. 7 — 

ffiL^{L*feiH^^(*:^^4 1 0 4:^^S-^^ (114 
(D) ) o 

[0 0 6 21 5^il$Hfc^^bfe^^^t^^^rfc6LED 

[0 0 6 31 y^^yA^ ' y>( y<Dm^ii^—f-xrf 
otL^s y^^'e>V::^^y-(^<'-(0:^y^-<omn. 

'^mc^^mxmst(oy<y^y^. ^9c^»:(otcM:i^± 



10 0 6 41 mmms) mmmi<DYAGu-'^-(D 
mi tmm^Lx^^mi^^^^^-i:^mLXLED^y 

[0 0 6 5] W^mi) ^-^-1^1.<0^t>^\^^^ 

-V ^ y K ^ ^ 7 -f ^ ^ - J c i 19 )S 1 3 0 ^ 7 ^ t 

tz.m^%im 1 trnmc. \.x^nv^^^^'--^'7^m^ 

lCi5^7:y>5^;55^i:TV>fco *fc> S»Jix?554C«^) 8 4 %{^ 

<j^i. 5fgo^M*5i.;6^ofco 
[0 0 6 6] 

SlciS<3iofc«S^"e!7-i5^<oSDX:65/j:Six5o 
[0 0 6 71 Lfc;65oT. 

> ^{bife ^^i^ r;; Sr f^Mfti]^> Xi" ^ •e:>S365 
?S<. ;T'ffi!l;6^e>co;^co)!)OX-CS{b^if^^(<^!:'^/^--0^ 
Si^BT&^ibiDX Ufc(^ ^ 111 t i>^Xt 60 

[006 8] 

[^ofaf^/i^s^iiBi 

[n 1 1 EI 1 {ty^mmommm i i;iit5tts¥«(^!>:i^^^ 

[0 0 6 91 

[12 21 112li::*:^0^(O|IJS«^j2(Cjolt^^^iS*^^3:/N 
[0 0 7 0] 

[SSI EI3ll*:5SWo||jSS0l|3(c*5«tS4^««^-!>^^^ 
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[0 0 7 11 
[00 7 21 
(00 7 31 

100. 200. 300. 400 - • • 

101. 201. 301. 401- Sffi 

1 0 2. 30 2 • • -mit^^^mi^m 

1 0 3. 40 3 - • * m&Mm^M^^titi:^^y-('f 
• 

1 0 4. 20 4 - • • ^mi^mmx ^ r-r rmm^ 
2 0 5. 4 0 5 • • • ^i^mim^^wm 

mi] 




207. 307. 407 - • • KSPJlEffilCfl^^ LitJ:^ i?' 
3 0 8 • • ^^%^mbWSL<r>^mm^\.1t7.^y^ 

3 0 9. 4 0 9- • • f-7r-rrS«tcj^figUfc«a 

110. 210. 310. 410 - • • Wkfto^%^% 

111. 211.311.411---^1 <D±m 
121. 221. 321. 421- ••f(2 <0^B 
220. 4 20 • • 'W& 

5 0 0 • • • i^mt^^^^^- 

5 0 1 • • • S« 
5 0 2 • • • 

50 7 - • •«»j£ffitcj^^L:fc;^^9><>^- 7-Y>' 
509 ' • •i^>^r^rs«^c?K^bfcfl^^» 

5 1 0 • • • S{k«3¥®«c^^ 

[Iil2l 
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